
    
♫ᅋἲே 㟁Ꮚሗ㏻ಙᏛ ಙᏛᢏሗ 
THE INSTITUTE OF ELECTRONICS,                                 IEICE Technical Report  
INFORMATION AND COMMUNICATION ENGINEERS                                                 WPT2013-36(2014-03) 

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere. 
 

 

 ࡓ࠸⏝ࢆ࣒ࢸࢫࢩ࣮ࣞࢻࢬ࣮࢙ࣇ⏝Ἴ㟁ຊఏ㏦ࣟࢡ࣐
✲◊ࡿࡍ㛵᪉ྥไᚚ࣒࣮ࣅ II 
▼ᕝ ᓧᶞ†   ⠛ཎ ┿Ẏ†   ྜྷ㔝 ⣧ᶞ† 

†ி㒔Ꮫ⏕Ꮡᅪ◊✲ᡤ  ࠛ611-0011  ி㒔ᗓᏱᕷࣨᗉ 
E-mail:  †{i-takaki, shino, junki_yoshino }@rish.kyoto-u.ac.jp 

㸬ࡿ࠶ࡀᚲせ࠺⾜ࢆไᚚ࣒࣮ࣅࡢἼࣟࢡ࣐㏦㟁࡞㸪㧗⢭ᗘࡣࡵࡓࡿࡍ⌧ᐇࢆᏱᐂኴ㝧ගⓎ㟁ᡤ(SPS)  ࡋࡲࡽ࠶

ி㒔Ꮫ࡛ࡣ㸪Ᏹᐂኴ㝧ගⓎ㟁ࣟࢡ࣐ࡓࡅྥἼ↓⥺㟁ຊఏ㏦㛵ࡵࡓࡢ✲◊ࡿࡍ㸪㧗ᗘࣟࢡ࣐Ἴ㟁ຊఏ㏦

Ἴࣟࢡ࣐㸪㧗ᗘࡣ㸬ᮏㄽᩥ࡛ࡿ࠸࡚ࡗ⾜ࢆ✲◊ࡿࡍ㛵⾡ไᚚᢏ࣒࣮ࣅ㸪ࡋᑟධࢆ࣒ࢸࢫࢩ࣮ࣞࢻࢬ࣮࢙ࣇ⏝

㟁ຊఏ㏦⏝࣒ࢸࢫࢩ࣮ࣞࢻࢬ࣮࢙ࣇ㛵࡚ࡋ㸪࣒࣮ࣅ᪉ྥࢆኚࡓࡏࡉሙྜࡢ࣮ࣥࢱࣃࢼࢸࣥࡢ ᐃᐇ㦂ཬࡧ

ᐃᐇ ࡿࡍ㛵ኚࡢ࣮ࣥࢱࣃࢼࢸࣥࡿࡼ࣮ࣞࣈࢧ㸪ࡓࡲ㸬ࡿ㏙࡚࠸ࡘホ౯ࡿࡼࣥࣙࢩ࣮࣑ࣞࣗࢩ

㦂ࡶ࡚࠸ࡘ㏙ࡿ㸬 
 ࢢ࣑࣮࢛ࣥࣇ࣒࣮ࣅ㸪ࢼࢸ࣮ࣥࣞࢻࢬ࣮࢙ࣇ  ࢻ࣮࣮࣡࢟

 

Study on Beam Forming with Phased Array System 
 for Microwave Power Transmission II 

Takaki ISHIKAWA†  Naoki SHINOHARA†  and  Junki YOSHINO† 

†Research Institute for Sustainable Humanosphere, Kyoto University  Gokasho, Uji-shi, Kyoto, 611-0011 Japan 
E-mail:  †{i-takaki, shino, junki_yoshino }@rish.kyoto-u.ac.jp 

Abstract  We have to achieve high beam direction control accuracy, in order to realize a solar power satellite/station (SPS). 
In Kyoto University, we study microwave power transmission (MPT) and solar power satellite (SPS) MPT system. We have an 
advanced phased array system to make experiments on beam forming with phased array. In this paper, we controlled the beam 
direction, and measured and simulated the antenna patterns of the advance phased array system. In addition, we considered 
subarrays and measured the antenna patterns by using the advanced phased array system. 
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1. ◊✲⫼ᬒ  

Ᏹᐂኴ㝧Ⓨ㟁ᡤ (Solar Power Satellite / Station: SPS)
ᘓࢆኴ㝧Ⓨ㟁⾨ᫍࡢᆺ㠀ᖖ㸪㟼Ṇ⾨ᫍ㌶㐨ࡣ

タࡋ㸪Ⓨ㟁ࡓࡋ㟁ຊࣟࢡ࣐ࢆἼ↓⥺㟁ຊఏ㏦ᢏ⾡࠶

㸪Ᏹ࡛ࡇࡿ࠸⏝ࢆ⾡㟁ຊఏ㏦ᢏ⥺↓ࡢࡢࡑࡣ࠸ࡿ

ᐂ࡚࠸࠾Ⓨ㟁ࡓࡋ㟁ຊࢆᆅୖ࡛⏝࠺࠸ࡿࡍᵓ

㸬SPSࡿ࠶࡛ 㸪1968ࡣ ᖺ࡚࠸࠾࣓࢝ࣜᥦࢀࡉ

ᵓ࡛ࡓ [1]㸪᪥ᮏࡶ࡚࠸࠾ᐇ⏝ࢆ┠ᣦࡀ✲◊ࡋ㐍

ࡿ࠸࡚ࢀࡽࡵ [2]㸬Ᏹᐂ✵㛫࡛ࡣ㸪ᵓ㐀≀ࢆᅛᐃࡇࡿࡍ

㸪SPSࡵࡓࡿ࠶ᅔ㞴࡛ࡀ ⤯ࡣࡁྥࡢࢼࢸࣥ㏦㟁ࡢ

㸪36000 kmࡓࡲ㸪ࡾ࡞ࡇࡿࡍኚࡎ࠼ 㞳ࡓࢀ┤ᚄ

ᩘ km ࡏࡉ㞟୰ࢆ㟁ຊࡢἼࣟࢡ࣐㏦㟁㟁タഛཷࡢ

࣮ࣅ࡞㏿㧗ࡘ㧗⢭ᗘ㸪㠀ᖖࡽࡇࡿ࠶ࡀᚲせࡿ

ࢸࣥࡢ⏝㸪㏦㟁ࡵࡓࡢࡑ㸬ࡿ࠶ࡀᚲせ࠺⾜ࢆไᚚ࣒

ࡇࡿ࠸⏝ࢆࢼࢸ࣮ࣥࣞࢻࢬ࣮࢙ࣇ㸪ࡣ࡚ࡋࢼ

㸪ࡣࢼࢸ࣮ࣥࣞࢻࢬ࣮࢙ࣇ㸬ࡿ࠸࡚ࢀࡉウ᳨ࡀ

ከᩘࢼࢸࣥࡢ⣲Ꮚࡽᵓᡂࢀࡉ㸪ྛࢼࢸࣥ⣲Ꮚ

ࡢ㸪௵ពࡾࡼࡇࡿࡍไᚚࢆ┦ᖜࡢᨺᑕࡢࡽ

ࣇ㸪ࡵࡓࡢࡑ㸬ࡿ࠶࡛ࢼࢸࣥ࡞⬟ྍࡀᙧᡂࡢ࣒࣮ࣅ

ࢸࣥ㸪ࢆ᪉ྥไᚚ࣒࣮ࣅࡣࢼࢸ࣮ࣥࣞࢻࢬ࣮࢙

ไᚚࡢ┦ࡸ㸪ᖜࡃ࡞ࡣไᚚ࡛ࡢࡁྥ࡞ⓗ⌮≀ࡢࢼ

㸪㧗⢭ᗘࡵࡓࡿ࠼⾜࡚ࡗࡼไᚚ࡞㟁Ẽⓗࡓࡗ࠸

㸪SPSࡾ࠶࡛⬟ྍࡀไᚚ࡞㏿㧗ࡘ ࡛ࢼࢸࣥࡓࡋ㐺

㸬ࡿ࠼ゝࡿ࠶  
⌧ᅾ㸪᪥ᮏ࡚࠸࠾㸪࣮ࢨࢸSPS ࣉࢱࡿࢀࡤ

ࡢ SPS ࡿ࠸࡚ࢀࢃ⾜ࡀ㸪᳨ウࢀࡉᥦࡀ [3][4]㸬ࢨࢸ

࣮SPS 㸪50 cmࡣ ᅄ᪉ࡢⓎ㏦㟁୍యᆺࢪࣔࣝࢿࣃࡢ

ࡇࡿࡍ⥆ከᩘ᥋ࢆࡽࢀࡑ㸪ࡋࢺࢵࢽᑠࣘ᭱ࢆ࣮ࣝࣗ

㸪୍࡛ ㎶ࡢ㛗ࡀࡉ⣙ 2.5 km ࡿ࡞ SPS ࣔࡿࡍᵓᡂࢆ

SPS࣮ࢨࢸ㸬ࡿ࠸࡚ࡗ࡞ࣝࢹ ࡢࢼࢸࣥ㸪㏦㟁ࡣ࡛

⣲Ꮚࢆࢼࢸࣥࢳࢵࣃ࡞ᐜ᫆ࡢ⏘㸪ẚ㍑ⓗ㔞࡚ࡋ

ࡲ㸬ࡿ࠸⏝ࢆࢼࢸ࣮ࣥࣞࢻࢬ࣮࢙ࣇࡓࡋࢼࢸࣥ

㸪୍ࡓ ᯛࡣࣝࢿࣃࡢ 256 ಶࡿࢀࡽ࠸⏝ࡀࢼࢸࣥࡢ㸬 
ி㒔Ꮫ⏕Ꮡᅪ◊✲ᡤ࡛ࡣ㸪࣮ࣥࣞࢻࢬ࣮࢙ࣇ



 
  
 

 

ࢆࡇ࠺⾜ࢆᐇ㦂ࡿࡍ㛵㟁ຊఏ㏦⥺↓ࡓ࠸⏝ࢆࢼࢸ

┠ⓗࡋ㸪㧗ᗘࣟࢡ࣐Ἴ㟁ຊఏ㏦⏝ࣞࢻࢬ࣮࢙ࣇ

⾲㸬ࡓࡋᑟධࢆ࣒ࢸࢫࢩ࣮ 1 ࡋ⾲ࢆᵓᡂࡢ࣒ࢸࢫࢩࡣ

㸪ᅗࡾ࠾࡚ 1 ࣥ㸬ྛࡿ࠸࡚ࡋ⾲ࢆእほࡢ࣒ࢸࢫࢩࡣ

ࢀࡒࢀࡑࡀ⣲Ꮚࢼࢸ 5 bit ࡚ࡗᣢࢆჾ┦⛣ࣝࢱࢪࢹ

㸬ࡿ࠶࡛⬟ྍࡀࡇࡿࡍไᚚಶูࢆ┦㸪ᨺᑕࡾ࠾

୍᪉࡛㸪ྛࢼࢸࣥ⣲Ꮚࡢࡽฟຊࡣಶูไᚚࢆ⾜

ᨺᑕ࡞ᵝ୍ࡀ⣲Ꮚࢼࢸࣥࡢ࡚ࡍ㸪ࡎࡁ࡛ࡣࡇ࠺

㟁ຊࡿ࡞㸬ᮏㄽᩥ࡛ࡣ㧗ᗘࣟࢡ࣐Ἴ㟁ຊఏ㏦⏝ࣇ

ࡿࡍ㛵ไᚚ࣒࣮ࣅࡓ࠸⏝ࢆ࣒ࢸࢫࢩ࣮ࣞࢻࢬ࣮࢙

ᐇ㦂ཬࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡧ⤖ᯝ࡚࠸ࡘ㏙ࡿ㸬  
⾲ ᵓᡂࡢ࣒ࢸࢫࢩ 1  

࿘Ἴᩘ  5.8 GHz 
೫Ἴ  ྑ᪕೫Ἴ  

⣲Ꮚᩘ  256 
⛣┦ჾ  5 bit ჾ┦⛣ࣝࢱࢪࢹ  

ྜィࣟࢡ࣐Ἴฟຊ  ᭱ 1.9 kW 
 

 

ᅗ እほࡢ࣒ࢸࢫࢩ 1  

2.  ᐃᐇ㦂ཬࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡧᴫせ  
ி㒔Ꮫ⏕Ꮡᅪ◊✲ᡤࡢ㧗ᗘࣟࢡ࣐Ἴ㟁ຊఏ㏦

ᐇ 㦂 Ჷ 㸦 Advanced Microwave Energy Transmission 
Laboratory: A-METLAB㸧࡚࠸࠾㸪㧗ᗘࣟࢡ࣐Ἴ㟁

ຊఏ㏦⏝ࢼࢸࣥࡓ࠸⏝ࢆ࣒ࢸࢫࢩ࣮ࣞࢻࢬ࣮࢙ࣇ

ᅗࢆ┿ࡢ㢼ᬒࡢ㸬 ᐃࡓࡗ⾜ࢆᐃ ࡢ࣮ࣥࢱࣃ 2 

ࢆࢼࢸࣥ⏝ᐃ ࣮ࣞࢻࢬ࣮࢙ࣇ㸪ࡣ㸬 ᐃࡍ♧

ṇᑐࡓࡏࡉ≧ែ࡛㓄⨨ࡓࡋ㸬ࣞࢻࢬ࣮࢙ࣇࡁࡢࡇ

ࡀ୰ᚰࡢ㠃ࢼࢸࣥࡣ࣮ A-METLAB ࣈ࣮ࢸ࣮ࣥࢱࡢ

ಖࡣࢼࢸࣥ⏝㸪 ᐃࡋ⨨㓄࠺ࡼࡿ࡞㔜୰ᚰࡢࣝ

ᣢ⏝ࢡࢵࣛࡢᅛᐃࡓࡋ㸬ࡋࡔࡓ㸪 ᐃ⏝ࡢࢼࢸࣥ

୰ᚰࡢ㧗ࡢ࣮ࣞࢻࢬ࣮࢙ࣇࡀࡉ୰ᚰࡢ㧗ࡃࡋ➼ࡉ

࠺ࡼࡢ㸬௨ୖࡓࡋ⨨タࢆࢼࢸࣥ⏝㸪 ᐃ࠺ࡼࡿ࡞

ࡢࡁࡓࡏࡉᅇ㌿ࢆࣝࣈ࣮ࢸ࣮ࣥࢱ㸪࡚࠸࠾タᐃ࡞

 ᐃཷࡿࡅ࠾ࢼࢸࣥ㟁㟁ຊࢆ ᐃ࡛ࡇࡿࡍ㸪

㛫ࢼࢸࣥ㸪㏦ཷ㟁ࡓࡲ㸬ࡓࡋᐃ ࢆ࣮ࣥࢱࣃࢼࢸࣥ

㸪6.5 mࡣ㊥㞳ࡢ ࢻࢬ࣮࢙ࣇ㸪ࡁࡢࡇ㸬ࡿ࠸࡚ࡋ

ࡉࡁࡢ㎶୍ࡢ࣮ࣞ D ⣙ࡀ 80 cm㸪Ἴ㛗 Ȝ ⣙ࡀ 5.17 
cm 㸪(2D2)/Ȝ࡛ࡢ࡞ ⣙ࡿࡍ⟭ィࢆ್ࡢ 24.8 m ࡿ࡞

ࢱࣃࢼࢸ࣮ࣥࣞࢻࢬ࣮࢙ࣇࡓࡗ⾜㸪ᅇࡽࡇ

㸬ࡿ࠸࡚ࡗ࡞ᐃ ࡢ㡿ᇦ࡛ࣝࢿࣞࣇ㸪ࡣᐃ ࡢ࣮ࣥ  

 

ᅗ 2 ᐇ㦂㢼ᬒ  

㸪ࡣࣥࣙࢩ࣮࣑ࣞࣗࢩ 3 ḟඖ㟁☢⏺ࢱ࣮࣑ࣞࣗࢩ

HFSS ࢸࢫࢩ࣮ࣞࢻࢬ࣮࢙ࣇ㸪ࡾ࠾࡚ࡗ⾜࡚࠸⏝ࢆ

࡚ࡗ⾜࡚ࡋ௬ᐃࢆࣝࢹࣔࡓࡋᶍᨃࢆࢼࢸࣥ㏦㟁ࡢ࣒

㸬ࡿ࠸  
ᐇ㦂ཬࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡧᗙᶆ⣔ࢆᅗ 3 㸬ᅗࡍ♧

୰ࡢ X ㍈ࡢࢼࢸࣥࢆṇ㠃᪉ྥࡋ㸪࣮ࢱࣃࢼࢸࣥ

ࡢȟ㸪ȭࡣࣥ 2 ࡔࡓ㸬ࡿ࠸࡚ࡋ⌧⾲࡚࠸⏝ࢆ೫ゅࡢࡘ

ࡣ㸪ȟࡋ X ㍈㸪ȭࡣ XY ᖹ㠃ᖹ⾜࡞ሙྜࢆ 0 ᗘタ

ᐃࡓࡋ㸬ࡓࡲ㸪ᐇ㦂ࢆࣝࣈ࣮ࢸ࣮ࣥࢱࡣᅇ㌿ࡇࡿࡏࡉ

ࡀ㸪ȭࡽࡇࡿ࠸࡚ࡗ⾜ࢆᐃ ࡛ 0 ᗘࡢሙྜࡢ H
㠃ࢆࡳࡢ࣮ࣥࢱࣃࢼࢸࣥࡢ ᐃࡿ࠸࡚ࡋ㸬 

 

ᅗ 3  ᐃཬࡿࡅ࠾ࣥࣙࢩ࣮࣑ࣞࣗࢩࡧᗙᶆ⣔  

3.  ᐃཬࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡧ⤖ᯝ  
ᮏ❶࡛ࡣ㸪 ᐃཬࡢࣥࣙࢩ࣮࣑ࣞࣗࢩࡧ⤖ᯝ࠸ࡘ



 
  
 

 

࡚㏙ࡿ㸬ᐇ㦂࡛ࡣ㸪ࡵࡌࡽ࠶⣲Ꮚ㟁⏺ࣝࢺࢡ࣋ᅇ

㌿ἲ ࢸࣥྛࡓࡲ㸬ࡿ࠸࡚ࡗ⾜ࢆ┦㍑ṇࡓ࠸⏝ࢆ[5]

ࡣ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩ㸪ࡣ࡚࠸ࡘ┦タᐃࡢ⣲Ꮚࢼ

┦್࡛ࢢࣟࢼࢆࢱ࣮ࢹタᐃࡋ㸪ᐇ㦂࡛ࡣ┦ჾࡢ

㛵ಀࡽ 5bit ࠸࡚ࡋࡢࡶ࠺⾜ࢆタᐃ್࡛ࣝࢱࢪࢹࡢ

ࡿ  

3.1. 䝡䞊䝮᪉ྥไᚚ  
ᮏ⠇࡛ࡣ㸪࣓ࡢࣈ࣮ࣟࣥゅᗘࢆኚࡓࡏࡉሙྜࡢ

ࣙࢩ࣮࣑ࣞࣗࢩࡧ㸪ᐇ㦂ཬ࡚࠸ࡘ࣮ࣥࢱࣃࢼࢸࣥ

㸬ࡿ࠸࡚ࡗ⾜ࢆホ౯࡚࠸⏝ࢆࣥ  
ࡢሙྜࡓࡏࡉኚȟ᪉ྥࢆゅᗘࡢࣈ࣮࣓ࣟࣥ

⤖ᯝࢆᅗ 4 ࠸ࡘ࣮ࣥࢱࣃࢼࢸࣥ㸪ࡋࡔࡓ㸬ࡍ♧

ࡀゅᗘࡢࣈ࣮ࣟࣥ㸪࣓ࡣ࡚ 0 ᗘ᭱ࡢࡁࡢ࣮ࣅࡢ

ࢆᙉᗘ࣒ 0 dB 㸬ࡿ࠸࡚ࡋ♧ࢆ್ࡓࡗ⾜ࢆつ᱁࡚ࡋ

ᅗ 4 ࡀȟࡣ 0 ᗘࡧࡼ࠾ 10 ᗘࡢሙྜࡢ⤖ᯝࡾ࠾࡚ࡋ♧ࢆ㸪

ᅗࡾࡼ㸪ᐇ㝿ࣈ࣮࣓ࣟࣥ᪉ྥࢆไᚚ࡛ࡿ࠸࡚ࡁᵝ

Ꮚࡀ☜ㄆ࡛ࡿࡁ㸬  

 
ᅗ ᐇ㦂⤖ᯝࡢሙྜࡓࡏࡉኚࢆ᪉ྥࣈ࣮࣓ࣟࣥ 4  

ḟ㸪࣓ࣈ࣮ࣟࣥ᪉ྥࢆኚࡓࡏࡉሙྜ࣓ࣥࡢ

ᅗࢆᯝ⤖ࡓࡋᐃ ࢆኚࡢᙉᗘࡢ࡛ࣈ࣮ࣟ 5 㸬ࡍ♧

㸫20ࡀゅᗘࡢࣈ࣮࣓ࣟࣥ ᗘࡽ 20 ᗘࡢ࡛ࡲሙྜ

ࢱࣃࢺ࣓࢚ࣥࣞ㸪ࡎࢀࡽぢࢇࡣపୗࡢ㸪ᙉᗘࡣ

㸬୍᪉࡛㸪ゅࡿࡁㄆ࡛☜ࡀࡳࡢᙉᗘపୗࡓࡗᚑ࣮ࣥ

ᗘࡢࡀࡉࡁ 20 ᗘࢆ㉸ࡿ࠼㸪ᙉᗘࡢᛴ⃭࡞పୗࡀ☜

ㄆ࡛ࡁ㸪ゅᗘࡢࡀࡉࡁ⣙ 23 ᗘ࡛ࡾࡓ࠶ࡿ࡞㸪࣓

㸫3 dBࡀᙉᗘࡢࣈ࣮ࣟࣥ 㸬ᅗࡿ࡞ 7㸪ᅗ 8 ࣓ࣥ

ࡀゅᗘࡢࣈ࣮ࣟ 0 ᗘ㸪30 ᗘࡢሙྜࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ

೫ゅȟ㸪ࢀࡒࢀࡑࡣ㍈㸪ᶓ㍈⦪ࡢ㸬ᅗࡓࡋ♧ࢆᯝ⤖ࡢ

ȭࡾ࠾࡚ࡋ⾲ࢆ㸪ᅗ࣒࣮ࣅࡣ࣮ࣂ࣮ࣛ࢝ࡢᙉᗘࡋ⾲ࢆ

ࡀゅᗘࡢࣈ࣮ࣟࣥ㸪࣓ࡣᙉᗘ࣒࣮ࣅ㸬ࡿ࠸࡚ 0 ᗘࡢ

ሙྜ᭱ࡢ࣒࣮ࣅࡢᙉᗘࡀ 0 dB つ᱁࠺ࡼࡿ࡞

㸬ᅗࡿ࠸࡚ࡋ♧ࢆ್ࡓࡗ⾜ࢆ 6 㟁ຊࡓࢀࡉ㸪ᨺᑕࡣ࡛

ࡿࡁㄆ࡛☜ࡀᵝᏊࡿ࠸࡚ࡋ㞟୰᪉ྥࣈ࣮࣓ࣟࣥࡀ

㸪ᅗࡀ 7  㸪࣓ࡶ࡚࠸࠾᪉ྥ௨እࣈ࣮ࣟࣥ㸪࣓ࡣ࡛

 

 

 
ᅗ ࣓ࣟࣥࡢሙྜࡓࡏࡉኚࢆ᪉ྥࣈ࣮࣓ࣟࣥ 5

ᙉᗘኚࡢࣈ࣮  

 

ᅗ ࡀ᪉ྥࣈ࣮࣓ࣟࣥ 6 0 ᗘࡢሙྜࢩ࣮࣑ࣞࣗࢩࡢ

࣮ࣥࢱࣃࢼࢸࣥࡿࡅ࠾ࣥࣙ  

 

ᅗ ࡀ᪉ྥࣈ࣮࣓ࣟࣥ 7 30 ᗘࡢሙྜࢩ࣮࣑ࣞࣗࢩࡢ

࣮ࣥࢱࣃࢼࢸࣥࡿࡅ࠾ࣥࣙ  



 
  
 

 

ࢸ࣮ࣞࢢࡓࡗᣢࢆᙉᗘࡢᗘ⛬➼ྠᙉᗘࡢࣈ࣮ࣟࣥ

㸪ࡓࡲ㸬ࡿࡁㄆ࡛☜ࡀࡇࡿ࠸࡚ࡋᏑᅾࡀࣈ࣮ࣟࢢࣥ

⣙ࡀࡉࡁࡢȭࡣࣈ࣮ࣟࢢࣥࢸ࣮ࣞࢢࡢࡽࢀࡇ 60
ᗘ⛬ᗘࡢ㡿ᇦᏑᅾࡾ࠾࡚ࡋ㸪ᐇ㦂ࢸ࣮ࣥࢱࡿࡅ࠾

㸬ᐇ㦂࠸࡞࠸࡚ࡁ࡛ ほࡣᐃ࡛ ࡓࡋ⏝ࢆࣝࣈ࣮

࠺⾜ࢆホ౯ࡧᐃཬ ࡢࣈ࣮ࣟࢢࣥࢸ࣮ࣞࢢ㸪࡚࠸࠾

㸬ࡿࡍㄢ㢟ࡢᚋࡣࡇ  

3.2. 䝃䝤䜰䝺䞊  
SPS ࢥࡿࡼࡇࡍࡽῶࢆᩘࡢ㸪┦ჾࡣ࡚࠸࠾

࣮ࣞࣈࢧ࡚࠸࠾≦ࣝࢿࣃ㸪ྛ࡚ࡋᣦ┠ࢆపୗࢺࢫ

᳨ࡀࡇ࠺⾜ࢆウࡿ࠸࡚ࢀࡉ㸬࡛ࡇࡑ㸪ᮏ◊✲࡛ࡶ㸪

⣲Ꮚࢼࢸࣥ㸪ྛ࡚࠸࠾࣒ࢸࢫࢩ࣮ࣞࢻࢬ࣮࢙ࣇ

ࡼࡇࡿࡏࡉ༢࡛ኚ࣮ࣞࣈࢧࢆタᐃࡢ┦ࡢ

࣮ࢱࣃࢼࢸࣥࡢሙྜࡓࡋ࣮ࣞࣈࢧ㸪௬ⓗࡾ

ᅗࡣ࣮ࣞࣈࢧ㸬ࡓࡗ⾜ࢆᐃ ࡢࣥ 8 ࠺ࡼࡓࡋ♧

㸪2×2 ཬࡧ 4×4 㸬ࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ✀㢮ࡢ

ࡓࡋ࣮ࣞࣈࢧ㸪ࡣ࡚࠸ࡘ┦ࡢ⣲Ꮚࢼࢸࣥྛ

⣲Ꮚࢼࢸࣥ⨨୰ᚰࡢࡏࢃྜࡳ⤌ࡢ⣲Ꮚࢼࢸࣥ

ࡢࡶࡿࡍ㸪タᐃࡋ⟭ィࢆ┦ฟຊࡢሙྜࡿࡍᏑᅾࡀ

㸬ࡓࡋ  

 
ᅗ ᅗࣝࢹࣔࡢ࣮ࣞࣈࢧ 8  

2×2 ࢆゅᗘࡢࣈ࣮ࣟࣥ㸪࣓࡚࠸࠾࣮ࣞࣈࢧࡢ

0 ᗘ㸪10 ᗘタᐃࡓࡋሙྜࢆ࣮ࣥࢱࣃࢼࢸࣥࡢᅗ 9
ࡀゅᗘࡢࣈ࣮࣓ࣟࣥࡣᙉᗘ࣒࣮ࣅ㸪ࡋࡔࡓ㸬ࡍ♧

0 ᗘࡢሙྜ᭱ࡢ್ࢆ 0 dB ࢆ್ࡓࡗ⾜ࢆつ᱁࡚ࡋ

ࡀゅᗘࡢࣈ࣮ࣟࣥ㸬࣓ࡿ࠸࡚ࡋ♧ 0 ᗘࡢሙྜࣥࡢ

ሙྜ࠸࡞࠸࡚ࡗ⾜ࢆ࣮ࣞࣈࢧ㸪ࡣ࣮ࣥࢱࣃࢼࢸ

ࣟࣥ㸬୍᪉࡛㸪࣓ࡿ࠸࡚ࡗ࡞࣮ࣥࢱࣃࡢᵝྠࡰ

ࡀゅᗘࡢࣈ࣮ 10 ᗘࡓࡗ࡞ሙྜࡢ⤖ᯝ࡛ࡣ㸪࣓ ࣟࣥ

⣙㸫2 dBࡀᙉᗘࡢࣈ࣮ ⛬ᗘ࡛ࡲపୗࡾ࠾࡚ࡋ㸪ࣈࢧ

࣮ࣞ࠸࡞࠸࡚ࡗ⾜ࢆሙྜࡶࡾࡼᑠ࠸࡚ࡗ࡞್࡞ࡉ

㸪㸫23 dBࡁࡢࡇ㸬ࡿ ࢻࢧ࡞ࡁࡸࡸࡾࡓ࠶ࡢ

㸪࣓ࡓࡲ㸬ࡿࡁㄆ࡛☜ࡀࡇࡿ࠸࡚ࡋ⏕Ⓨࡀࣈ࣮ࣟ

ࡢᙉᗘࣈ࣮࣓ࣟࣥࡢሙྜࡓࡏࡉኚࢆ᪉ྥࣈ࣮ࣟࣥ

ኚࢆᅗ 9 㸫3 dBࡀᙉᗘࡢࣈ࣮ࣟࣥ㸬࣓ࡍ♧ ࡞

㸪࣓ࡣࡢࡿ ⣙ࡀࡉࡁࡢゅᗘࡢࣈ࣮ࣟࣥ 15 ᗘ࡞ࡢ

ሙྜ࠸࡞࠸࡚ࡗ⾜ࢆ࣮ࣞࣈࢧ㸬ࡓࡗ࠶ሙྜ࡛ࡿ

⣙ࡣ 23 ᗘࡽࡇࡓࡗࡔ㸪࣓ ࡁࢆゅᗘࡢࣈ࣮ࣟࣥ

࣮ࣞࣈࢧࡀపୗࡢᙉᗘࣈ࣮ࣟࣥ㸪࣓ࡢሙྜࡓࡋࡃ

࡚ࡗࡼࡇ࠺⾜ࢆࡀࡇࡿ࠸࡚ࡗ࡞ࡃࡁ☜ㄆ࡛

㸬ࡿࡁ  

 

ᅗ 9 2×2 ࢆ᪉ྥࣈ࣮࣓࡚ࣟࣥ࠸࠾࣮ࣞࣈࢧࡢ

ኚࡓࡏࡉሙྜࡢᐇ㦂⤖ᯝ  

 

ᅗ 10 2×2 ᪉ྥࣈ࣮࣓࡚ࣟࣥ࠸࠾࣮ࣞࣈࢧࡢ

ᙉᗘኚࡢࣈ࣮࣓ࣟࣥࡢሙྜࡓࡏࡉኚࢆ  

4×4 ࢆゅᗘࡢࣈ࣮ࣟࣥ㸪࣓࡚࠸࠾࣮ࣞࣈࢧ 0
ᗘ㸪10 ᗘタᐃࡓࡋሙྜࢆ࣮ࣥࢱࣃࢼࢸࣥࡢᅗ 11
ࡀゅᗘࡢࣈ࣮࣓ࣟࣥࡣᙉᗘ࣒࣮ࣅ㸪ࡋࡔࡓ㸬ࡍ♧

0 ᗘࡢሙྜ᭱ࡢ್ࢆ 0 dB ࢆ್ࡓࡗ⾜ࢆつ᱁࡚ࡋ

ࡀゅᗘࡢࣈ࣮ࣟࣥ㸬࣓ࡿ࠸࡚ࡋ♧ 0 ᗘࡢሙྜࣥࡢ

ሙྜ࠸࡞࠸࡚ࡗ⾜ࢆ࣮ࣞࣈࢧ㸪ࡣ࣮ࣥࢱࣃࢼࢸ

ࣟࣥ㸬୍᪉࡛㸪࣓ࡿ࠸࡚ࡗ࡞࣮ࣥࢱࣃࡢᵝྠࡰ

ࡀゅᗘࡢࣈ࣮ 10 ᗘࡓࡗ࡞ሙྜ㸪࣓ ᙉᗘࡢࣈ࣮ࣟࣥ

⣙㸫5 dBࡣ 㸫7ࡓࡲ㸪ࡾ࡞ ᗘࡢ᪉ྥ࣮ࣅࡢࢡ࣮ࣆ

⣙㸫3 dBࡀᙉᗘ࣒ ࡋ⏕Ⓨࡀࣈ࣮ࣟࢢࣥࢸ࣮ࣞࢢࡢ



 
  
 

 

ࡉኚࢆ᪉ྥࣈ࣮ࣟࣥ㸬࣓ࡿࡁㄆ࡛☜ࡀࡇࡿ࠸࡚

ᅗࢆኚࡢᙉᗘࣈ࣮࣓ࣟࣥࡢሙྜࡓࡏ 12 㸬࣓ࡍ♧

㸫3 dBࡀᙉᗘࡢࣈ࣮ࣟࣥ ࣈ࣮ࣟࣥ㸪࣓ࡣࡢࡿ࡞

⣙ࡀࡉࡁࡢゅᗘࡢ 7 ᗘࡿ࡞ሙྜ࡛ࡓࡗ࠶㸬ࣈࢧ

࣮ࣞ࠸࡞࠸࡚ࡗ⾜ࢆሙྜࡸ 2×2 ࢆ࣮ࣞࣈࢧࡢ

ࡃࡁࢆゅᗘࡢࣈ࣮ࣟࣥ㸪࣓࡚ࡋẚ㍑ሙྜࡓࡗ⾜

࡞ࡃࡁ㸪ࡾࡼࡀపୗࡢᙉᗘࣈ࣮࣓ࣟࣥࡢሙྜࡓࡋ

 㸬ࡿࡁㄆ࡛☜ࡀࡇࡿ࠸࡚ࡗ

 

ᅗ 11 4×4 ᪉ྥࣈ࣮࣓࡚ࣟࣥ࠸࠾࣮ࣞࣈࢧࡢ

ᐇ㦂⤖ᯝࡢሙྜࡓࡏࡉኚࢆ  

 

ᅗ 12 4×4 ᪉ྥࣈ࣮࣓࡚ࣟࣥ࠸࠾࣮ࣞࣈࢧࡢ

ᙉᗘኚࡢࣈ࣮࣓ࣟࣥࡢሙྜࡓࡏࡉኚࢆ  

ሙྜ㸪2×2࠸࡞࠸࡚ࡗ⾜ࢆ࣮ࣞࣈࢧ ࣞࣈࢧࡢ

࣮ࡓࡗ⾜ࢆሙྜ㸪4×4 ࡢሙྜࡓࡗ⾜ࢆ࣮ࣞࣈࢧ

୕✀㢮࡚࠸ࡘ㸪࣓ࣈ࣮ࣟࣥ᪉ྥࢆኚࡓࡏࡉሙྜ

ᅗࢆẚ㍑ࡢኚࡢᙉᗘࣈ࣮࣓ࣟࣥࡢ 13 㸬ᅗࡍ♧

13 ࢬࢧࡢ࣮ࣞࣈࢧࡣཪ࠺⾜ࢆ࣮ࣞࣈࢧ㸪ࡾࡼ

ࡁࡢゅᗘࡢࣈ࣮ࣟࣥ㸪࣓ࡾࡼࡇࡿࡍࡃࡁࢆ

ࡁࡀపୗࡢᙉᗘࣈ࣮࣓ࣟࣥࡢሙྜࡓࡋࡃࡁࢆࡉ

ࡀᙉᗘࣈ࣮ࣟࣥ㸬࣓ࡿࡁㄆ࡛☜ࡀࡇࡿ࠸࡚ࡗ࡞ࡃ

㸫3 dB ࣈࢧ㸪ࡀࡀࡉࡁࡢゅᗘࡢࣈ࣮࣓ࣟࣥࡿ࡞

ሙྜ㸪2×2࠸࡞࠸࡚ࡗ⾜ࢆ࣮ࣞ ࢆ࣮ࣞࣈࢧࡢ

ሙྜ㸪4×4ࡓࡗ⾜ ࡑሙྜ࡛㸪ࡓࡗ⾜ࢆ࣮ࣞࣈࢧࡢ

⣙ࢀࡒࢀ 26 ᗘ㸪15 ᗘ㸪7 ᗘࡾ࠾࡚ࡗ࡞㸪࣮ࣞࣈࢧ

㸬ᐇ㝿ࡿ࠸࡚ࡗ࡞ࡃࡉᑠ࠺ࡼࡿࡍẚࢬࢧࡢ

 SPS 㸪ࡣሙྜࡿࡍ៖⪄ࢆ➼⏝㐠ࡢ࣮ࣞࣈࢧࡿࡅ࠾

ྛ㏦㟁ࡽࣝࢿࣃぢཷࡓ㟁タࡢ᪉ྥゅࡢࢆ⛬ᗘࡲ

࡛ไᚚࢆ⬟ྍࡀࡇࡿࡍ༑ศ᳨ウࡿࡍᚲせࡿ࠶ࡀ

㸪SPSࡁࡢࡇࡓࡲ㸬ࡿศࡀࡇ 㟁タཷࡓぢࡽ

ࡍ⏕Ⓨ࡚ࡗࡼᛶືྍࡢ᥋⥆㒊ࣝࢿࣃ㸪⨨௨እࡢ

 㸬ࡿ࠶ࡀᚲせࡿࡍ៖⪄ࡶኚࡢゅᗘࣝࢿࣃ㸪ࡿ

 

ᅗ ࣥ㸪࣓ࡿࡼࢬࢧࡧ᭷↓ཬࡢ࣮ࣞࣈࢧ 13

ࡢࣈ࣮࣓ࣟࣥࡢሙྜࡓࡏࡉኚࢆ᪉ྥࣈ࣮ࣟ

ᙉᗘኚࡢẚ㍑  

ணᐃࡢᚋࡵࡲ .4  
ᅇ᳨ࡢウ࡛ࡣ㸪SPS 㸪࡚࠸ࡘ࣮ࣞࢻࢬ࣮࢙ࣇࡢ

ኚࡢᙉᗘ࣒࣮ࣅࡢሙྜࡓࡏࡉኚࢆ᪉ྥࣈ࣮࣓ࣟࣥ

ࢆ㸪㧗ᗘࣟࢡ࣐Ἴ㟁ຊఏ㏦⏝ࢩ࣮ࣞࢻࢬ࣮࢙ࣇ

⏝ࢆࢱ࣮࣑ࣞࣗࢩ⏺☢㟁ࡧᐃᐇ㦂ཬ ࡓ࠸⏝ࢆ࣒ࢸࢫ

ࣈ࣮ࣟࣥ㸬࣓ࡓࡋウ᳨ࡾࡼࣥࣙࢩ࣮࣑ࣞࣗࢩࡓ࠸

㸫20ࡀゅᗘࡢ ᗘࡽ 20 ᗘࡢ࡛ࡲሙྜࡣ㸪ᙉᗘࡢప

ୗࢇࡣぢࡀ࠸࡞ࢀࡽ㸪࣓ࡢࣈ࣮ࣟࣥゅᗘࡢ

ࡀࡉࡁ 20 ᗘࢆ㉸ࡿ࠼㸪ࡢࣈ࣮ࣟࢢࣥࢸ࣮ࣞࢢⓎ⏕

㸬ࡓࡁㄆ࡛☜ࡀపୗࡢᙉᗘ࣒࣮ࣅ࡞ᛴ⃭ࡿࡼ  
㸪2×2ࡓࡲ ཬࡧ 4×4 ሙྜࡓࡋᑟධࢆ࣮ࣞࣈࢧࡢ

࣓ࣟࣥࡿࡼ࣮ࣞࣈࢧ㸪࠸⾜ࢆウ᳨ࡶ࡚࠸ࡘ

ࣞࣈࢧ㸬ࡓࡗ⾜ࢆウ᳨ࡶ࡚࠸ࡘᙳ㡪ࡢᙉᗘࡢࣈ࣮

࣮ࡀࣈ࣮࣓ࣟࣥࡾࡼ㸫3 dB ࣈࢧࡀゅᗘࡿ࡞

ࡀᵝᏊࡿ࡞ࡃࡉᑠ࠺ࡼࡿࡍẚࢬࢧࡢ࣮ࣞ

☜ㄆ࡛ࡓࡁ㸬  
ᅇ⾜ࡓࡗ ᐃ࡛ࡣ㸪H 㠃࣮ࢱࣃࢼࢸࣥࡿࡅ࠾

⾜ࢆウ᳨࡞ヲ⣽ࡾࡼࡣ㸪ᚋࡀࡓ࠸࡚ࡋᐃ ࢆࡳࡢࣥ

㸪2ࡵࡓ࠺ ḟඖ᪉ྥ࡛ࢼࢸࣥࡢ ᐃࡶ࡚࠸ࡘ⾜

㸬ࡿ࠶ࡀᚲせ࠺  
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